INTRODUCTION
This investigation was part of a larger study conductecd by Dr. John Fletcher, Psychology Department, Memphis Stateo University (1973) . It was designed to explore the relationship betweez, -viation noise exposure history and high frequency hearing sensitivity.
This. laboratory's portion of the study focused on administering .6 conventional frequency audiometry (250 Hz to 8000 Hz) and high frequency audiometry (4-18 kHz) to 108 Naval Aviation Officer Candidates prior to and immediately following primary flight training at VT-1, Saufley Field, Pensacola. This is a six to eight week period in which the students spend 25 to 30 hours of flight time in the T-34 aircraft. In addition, pre-primary and post-primary data were obtained concerning the ability of the students, to discriminate speech in noise.
BAC KGRO UND
In the early 1960's Dr. Wayne Rudrnose developed a high frequency audiometer that utilized a I3ekesy type discrete frequency tracking procedure. The unit p)roduced frequencies in the range 4-18 kI-Iz. The transducer was a Bruel & Kjaer (B&K) one inch condenser microphone used as an earphone.
The development of the audiometer prompted a number of studies into high frequency hearing. Probably the first study to look at the relationship between high frequency hearing and noise-induced hearing loss was one by Sataloff, Vassallo, and Menduk, (1967) .
They found that noise has approximateiv the same deleterious effect at 10 to 14 kHz as it has at 4 and 6 kHz. They made no n.easurements above 14 kHz. In a comparison of noise exposed and non-noise exposed subjects in each of three age ranges (20-29 years, 30-39 years, and 40-49 years) the noise exposed subjects showed consistently poorer hearing at 10, 12, and 14 kHz. Corliss et al. (1970) studied high frequency hearing levels of high school students aged 15-18 years. While no significant differences were found in a comparison of two large groups of non-noise exposed and noise exposed males, substantial differences (20-30 dB) were found between the hearing levels of a group of 15-18 members of a male rifle team (shooting three times a week) and a large group of non-nozse exposed males of the same age range, for frequencies above 10 kHz. Northern et al. (1972) showed mean hearing threshold levels of subjects with a history of noise exposure to be essentially the sare as threshold levels .1 of non-noise exposed subjects. It may be that a mere comparison of a gt'oup of subjects having no history of noise exposure with a group )k subjects having a non-specific noise exposure history is not sensitive enough to reveal any differences. The term "noise exposed' needs to be well defined.
Normative studies on high frequency hearing have been conducted with regard to the reliability of high frequency threshold testing (Fletcher, 1965) and the relation of high frequency hearing s'ensitivity to age and sex 7- (Zislis and fletcher, 1966) . Threshold results obtained from sixth to : I-h grade girls in the latter study have recen'ly been recommended for I use as an interim standard. Results of the most recent normative study were reported by Northern et al. (1972) . The data were obtained during a field survey of high frequency hearing at a convention of the American Speech and Hearing Association. The data, obtained from 237 subjects I and presented for decade age groups, indicate a general decline in hearing sensitivity for males 20-29 years from 8 to 16 kl-lz and a rapid decrement from 16 to 18 kl-z.
METHOD
Subjects. A total of Z65 subjects were tested immediately prior to their graduation from Schools Command. The group, consisting of both Aviation Officer Candidates (AOC's) and Aviation Reserve Officer Candidates ranged in age from 21 to 28 years. One hundred eight of the subjects were retested near or at the completion of their primary flight training. Data from the same subjects were utilized for the pre-and post-prima..y comparisons. During training all of the subjects wore the standard APH-6C or 6D flight helmet Instrumentation. The Rudmose ARJ 4-HF audiometer or its prototype was employed to obtain hearing levels for the frequencies 4 to 18 kHz (Figure 1) . It is a self-recording unit with a printed card output. One of the interesting features of this audiometer is the earphone (Figure 2) . It is basically a Bruel & Kjaer one inch condenser microphone used in reverse. It was chosen because of its stability and its very wide frequency response characteristics. The acoustic signal is transmitted through a 1/8" tube lightly packed with steel wool to break up resonances in the tube. The completely assembled transdu'.:r is pictured in Figure 3 . Note that the tube is covered by a conically shaped plastic tip that makes placement in the ear canal easy and produces a good seal. The plastic tip plays no role in the calibration of the transducer. Normally, calibration of the ARJ 4-I-F audiometer involves placing the tip of the audiometer's earphone in close proxirnity and at grazing .ncidlence to thic diaphrarn of a 1/,." 13m;K ricrophone vhli l.. aswsocihied with a B&K Precision Sound Level Meter (ZZ03) and octave band filter set. As shown in Figure 4 , the earphone is held securely iii a clamp located on a tripod. With the audiometer output set at a fixed lovel, the sound pressure level (SPL) at the tip of the earphone tube is measured for each of the 1.2 test frequencies.
The calibration reference utilized was that established by Rtudmose.
Since the above procedure was a rather cumbersome method for frequent calibrations, a simpler method was devised. This technique is pictured in Figure 5 . After each audiometer was first calibrated by the tripod method, the protective grid was removed from the B&K 1/21" microphone. A nose cone from a B&K probe tube kit was substituted in its place. The tube of the earphone was then seated in the nose cone. With the audiometer af the -arne fixed o,•fput setting as before, the relative meter readings produced by excitation of this small cavity by the earphone were recorded for future reference. All subsequent calibration checks utilized this latter procedure. It does not have the potential variability of [he tripod technique and takes a fraction of the time.
Initially, the high frequency audiometers were physically calibrated each day the subjects were tested. However, when the extreme amplitude stability of the units became apparent, physical calibration intervals were lengthened. A typical example of stability was a 0 to 2. 1 dB change over a five monLh period Biological checks were made each day of testing.
Conventional frequency audiometric thresholds were obtained on a Maico MAI8 manual audiometer (.2 5, . 5, 1, 2, 3, 4, 6 and 8 kHz) and a Tracor ARJ 4A self-recording audiometer (. 5, 1, 2, 3, 4 and 6 kI-Iz). An Ampex ta e recorder (Model 350) was used to present the taped speech intelligibility test to subjects, Procedure. Sublects were generally tested in pairs. For the preprimary phase, the subjects were first briefed as to the purpose of the study and the general procedures to be followed (See Appendix A). To provide the subjects practice with the threshold tracking procedure, they were first administered conventional frequency self-recording audiornetry in a ninulti-rnan Industrial Acoustics Corporation (TAG) test Following this, the first of two high frequency test runs was conducted with th. subjects seated side by side in an IAG sound treated room. 'Thc right ear was tested first. Detailed instructions, were given the subjects prior to testing. The subjects tracked their thresholds by means of a response button; test time per ear was six minutes. The transducer was hand held by the subject.
Following this, one subject of the pair was tested with the conventional frequency manual audiometer while the other cumpleted a Z4-itern questionnaire. The questionnaire elicited responses in four general areas: medical history, noise exposure history, current noise exposure, and subjective reaction to noise. A copy of the questionnaire is slhown in Appendix B. After manual audiormetry and the questionnaire were completed, a second high frequency test was conducted. The time between the first and second high frequency tests was approximately 45 minutes.
Two spe ýh intelligibility tests completed the test battery. The test employed was the Modified Rhyme Test or MRT (I-louse et al. 1965).
The taped test utilized was one developed by CHABA Working Group 52 for evaluation as a possible speech discrimination test for avirs. It consists of 50 words spoken by a male talker in a background Of ..haped noise. Two equivalent test lists were presented, one to each ea-, at a speech-to-noise ratio of A-4 dB. The MRT is a closed response )est wherein the listener's task is to draw a line through one of six rh/ming words which he thinks he heard. The pre-primary test battery took approximately two hours to complete.
The post-primary phase of testing followed the pre-primar-phase by about 6 to 8 weeks. The subje ts were again generally seen in pairs. After being questioned as to any interim high level noise exposure they had experienced other than the T-34 aircraft, they were given a high frequency test. This was followed by a conventional frequency test on the manual audiometer and a repeat of the same speech intelligibility tests administered during the pre-primary phase of the study, Postprimary testing took approximately one hour.
RESULTS AND DISCUSSION Figure 6 shows for the left and right ears, respectively, mean high frequency hearing thresholds (expressed in sound pressure level) obtained during the pre-primary (1L, 2L -IR, 2R) and post-primary (31,, 3R) test runs on 108 sub-jects. Corresponding numeric values and standard deviations
.. Tables 1 and 2 . Ranges mray be seen ix Table I of Appendix C.
~-
As ctn be seen, the mean pre-and post-primary thresholds are alrrzost identacal. The largest difference 4-only abouL 3 dB3. As frequency increases, the sound pressure level required to reach threshold increases, rcflecting a gradual fall off in hearing sensitivity. Mean thresholds for the two ears are almost identical.
Pearson product moment correlations calculated between the two preprimary test runs (test-retest condition) ranged from . 73 to . 88 for the left ear and . 6Z to . 77 for the right ear. The superior left ear correlations may have been due to a learning effect as the IL, 2L tests represented the second and fourth subject tests during the pre-prinary test phase. Correlations calculated between the second pre-primary test and the post -primary test ranged from . 58 to . 75 for the left ear and . 51 to .74 for the right ear. Correlation values for all frequencies and test comparisons car, be seen in Table 2 of Appendix C. These correlations are in good agreement with correlations obtained by Fletcher (1965) for "short term test-retest of high freqLtency h(aring (.60 to . 9Z vs . 60 to . 88).
It can be concluded from the foregoing data that noise exposure during the primary phase of flight training has no effect on hearing thresholds in the frequency range 4 to 18 kHz. The data also demonstrate the generally high reliability of the high frequency measurement teThnique.
In Figure 7 the data are presented in terms of the percentage of subjects responding to the different high frequencies.
The numeric values are shown in Tables 1 and 2 . For both left and right ears, nearly all of the subjects responded to frequencies 8 to 11 kHz. From 11 to 16 kHz there is a gradual decline in the percentage of subjects responding. At 18 kHz there is a marked decrease in the percentage of subjects respondingonly 30 to 40 percent. Stated in another way, 60 to 70 percent of the subjects' threshoids ai 18 kflz were beyond the maximum output of the audiometer (85 dB coupler SPL). Note that the percentage of subjects responding in the range 13 kHz and above was greater for the post-primary test than for either of the two pre-primary tests. This may be related to listening experience the subjects gained in operating their aircraft radio c onmnunications systems. Northern et al.(1972) for 44 subjects in the same age , range as th3 AOC's. In view of the somewhat "noisy" life-style of the "incoming AOC's, one might expect them to exhibit poorer high frequency hearing thresholds than young mrle adults in the field of speech and hearing. As Figure 8 shows, however, this is not the case. Mean threshold-, for the two groups are remarkably similar. As mentioned earlier, in comparisons of this type, the terms "noise exposed" and "non-noise exposed" need to be well defined; this may account for the similar mean thresholds for these two groups of subjects. The cle _r r.: differences in high frequency th: ejholds shown by Sataloff, Vassallo and Menduke (1967) were between a group of production workers in a paper mill ("noise exposed") and a group of individuals who worked in the executive offices of the same company ("non-noise exposed").
The upper curve in Figure 8 is the recently suggested interim standard for high frequency audiometric zero (Northern et al., 1972) . As can be seen, it represents more sensitive hearing than that exhibited by either the AOC's or subjects in the Northern et al. study. It has been recommended because it probably represents the most sensitive hearing attainable for these frequencies. The recommended levels were derived "V ; from data collected on sixth through 12th grade girls collected by Zislis and Fletcher (1966) . Even for this group of young non-noise exposed subjects, however, there is only about a 15 dB separation from the other curves. It might be hypothesized that high frequency hearing sensitivity deteriorates more rapidly from the effects of age, per se, than from the effects of a "noisy" life style.
In Figure 9 and Table 4 are shown the mean right ear high frequency threshold data obtained during pre-primary test 2 (N of 108) compared with similar data obtained from 50 incoming AOC's at NAMRL, Pensacola in 1963-64. While the statement is often made that our society is becoming progressively noisier, it is certainly not reflected in these comparable high frequency thresholds. As mentioned above, age, rather than generalized noise exposure, may be the major factor in the decline of high frequency hearing sensitivity. Although the data are not presented here, a comparison of conventional frequency thresholds for the 1963-64 AOC's and the AOC's in this study revealed no significant differences.
Conventional frequency hearing threshold levels obtained during the pre -primary and post-primary tests are shown in Figure 10 . Numeric data are shown in Table 5 . (Ranges may be seen in Table 3 "it does indicate that the hearing sensitivity of the subjects, as a group, shows the result of excessive noisu exposure prior to their entry into military service. As will be shown later, this is supported by the subjects' responses to the noise history questionnaire. There is a slight trend for the post-primary hearing threshold levels for frequencies 250 Hz and 500 I-z to be somewhat depressed. Although the magnitude of the depression is very small, it may reflect the result of possible middle ear pressure problems experienced by the subjects during training. The extremely close proximity of tha pre-and post-primary group mean thresholds demonstrate that noise encountered during primary flight training had no significant effect on the subjects' mean hearing threshold levels for conventional frequencies.
Since individuals differ in their susceptibility to noise, individual subject data were examined with regard to threshold shifts at 3, 4, and 6 kI-lz. Twenty subjects (18. 5 percent) showed a shift of 15 d3B or greater at one or more of the three frequencies across ears, seventeen subjects showed a shift at one frequenuy across ears, one subject showed shifts at two frequencies, and two subjects showed shifts at three frequencies. Sixty percent of the shifts occurred in the left ear. The high frequency thresholds of the two subjects who demonstrated shifts at three frequencies were examined. No clear relationship was found to exist between the conventional frequency shifts and high frequency threshold changes.
The results of the pre-and post-primary speech intelligibility tests are presented in Table 6 . They show, quite clearly, that noise exposure during primary flight training had no effect on the subjects' ability to discriminate speech in noise.
Percent affirmative responses to the 24 questions that were asked of the subjects in the questionnaire are summarized in Table 7 . A copy of the complete questionnaire may be seen in Appendix B. The first question, which shows a 53 percent affirmative response (58 subjects) was a purely subjective response question. If marked "yes,"1 the subject was then requested to indicate on a nine point scale the degree to which he was bothered by loud noises. A rating of 1 represented "slightly, " 5 "moderately," and 9 "extremely." The mean rating for the group was 3. 8. The largest percentage of subjects (22 percent) responded with a rating of 2 A substantial portion of the subjects indicated they had been exposed to potentially hazardous noise prior to, or immediately after, entry into 20 †>~~~~ ~~ . ~.~-.. .J .r. . . ... ...... ..... . ... T abl e 6 conventional frequency hearing threshold data. The entry "wore ear protection" applies almost exclusively to the 'time period when the subjects were being familiarized with the . 45 caliber pistol as part of their Schools Command traininig. It is interesting to note that none of the 108 subjects "admitted to ever experiencing dizziness.
It may well be that the life style of the potential military aviator is such that he will likely have sustained some degree of noise-induced hearing loss prior to this entry into the military. It is felt that it would be informative to gather similar questionnaire data on non-aviation subjects of the same age.
CONC LUSIONS
The data obtained in this study indicate quite clearly that noise encountered by AOC's in T-34 aircraft during primary flight training has no significant effect on their ability to hear conventional or high .. ;•
• frequencies, or their ability to discriminate speech in noise. It is not known whether such effects occur during subsequent phases of training "as the students are exposed to different aircraft acoustical environments.
It is recommended that additional studies of this type be undertaken to obtain hearing threshold level data on AOC's as they complete each major phase of flight training (helicopter, prop, and jet). that the information presented is complete and that all subjects receive identical information.
You are a part of a study of the hearing of naval aviators. As you probably have heard, exposure to loud noise over a period of time without the use of ear protection can damage elements of the inner ear and therefore hearing. It is possible that even with ear protection, some susceptible individuals might incur some degree of hearing loss in the high frequencies (around 4, 000 Hz). The purpose of this study is to determine whether or not we may be able to identify these individuals before they develop a loss at 4, 000 Hz by testing for shifts in their very high frequency hearing (up to 18, 000 Hz).
To answer this question requires that we perform a number of hearing tests on a large group of individuals before and after a major segment of their aviation training. We are cooperating with people at M-eznphis State University and they will be responsible for testing at bases away from the Pensacola area. The next time we test you will be just after your completion of primary training. We will contact you at that time for scheduling the retest.
The testing this morning will require about two hours of your time. Details concerning each of the tests you will take will be given to you just before each one.
The results of this study will be of great importance to naval aviation. We trust that we will have your maximum attention and cooperation during the test runs. 
